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In order to grow, bacteria have to take up essential nutrients from the environment.
Therefore transport systems are required which catalyze the selective passage of
solutes across the cytoplasmic membrane. To fulfill this function under different
environmental conditions, cells often are equipped with a variety of different transport
systems for a given solute. Secondary and binding protein-dependent ransport systems
are most commonly found in bacteria. Secondary transport systems usually consist of
only one membrane protein that oÍfen spans the membrane twelve times in cr-helical
conÍbrmation. They either use the protonmotive force (Ap) or sodiummotive force to
translocate the solute across the cytoplasmic membrane, function bidirectionally
depending on the polarity of the driving force, and usually bind the solute with
moderate aÍfinity. Depending on the number of protons co-transported, translocation
of a single molecule requires about l/4 or more ATP equivalents. In contrast, binding
protein-dependent transport systems are multisubunit membrane proteins. This
includes a periplasmically located binding protein that binds the solute with high
affinity. It arssociates with the membrane domain that is usually composed of two large
integral membrane proteins and two peripherally membrane-bound ATP-binding
subunits that expose the ATP-binding site to the cytosol. The membrane domains,
and/or the ATP binding subunits are also found as fusion proteins. By their high
binding aÍÍlnity, these binding proteins are able to scavenge the solute from the
periplasm and transfer it to the membrane transporter domain. The uptake of one
molecule of solute is thought to require the hydrolysis of two ATP molecules. These
ATP dependent transport systems belong to the superfamily of ABC (ATP Binding
Cassette) transporters that have the ATP binding domain in common, and that are
involved in a multitude of cellular processes uch as the uptake of solutes and ions, the
excretion of proteins, polysaccharides and multiple drugs. Obviously these systems are
energetically less effective than secondary transporters, but function only in a
unidirectional manner and accumulate solutes to much larger concentration gradients
than is possible with secondary transporters. Secondary transporters are often
constitutively expressed, while binding protein-dependent transport systems are
usually induced under substrate limiting conditions. For a given solute, most bacteria
are equipped with transporters of both types. In contrast, the purple nonsulfur
bacterium Rhodohocter sphaeroides seems to rely only on binding protein-dependent
transport systems, and appears to be nearly completely devoid of secondary transport
systems. The aim of this Ph.D.-study was to analyze the physiological role of binding
protein-dependent transport systems in Ró. sphaeroides and to reveal why this
organism preièrs these systems instead of the secondary transport systems.
Chapter 2 describes the characterization of a high affinity glutamate transport system
in Rb. ,sphaeroitles. This system is osmotic shock sensitive and inhibited by vanadate,
suggesting that it is a classical binding protein-dependent transporter. A binding
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protein was purified with a high affinity for glutamate and glutamine. On the other
hand, the same system was found to catalyze the uptake of aspartate and asparagine,
but for these amino acids it appeared to use a different binding protein. It was
suggested both binding proteins interact with the same membrane domain as to allow
the uptake of these dicarboxylic acid amino acids and their respective amides.
Expression of the binding protein-dependent transport system was dramatically
increased when cells were exposed to nitrogen deprivation, while the transport activity
steeply increased with the extracellular pH with an apparent pK of 7 .2.
In addition to a transport function, binding proteins often serve as chemoreceptors in
chemotaxis. They bind the solute, interact with a membrane-bound chemoreceptor that
subsequently triggers a methylation and phosphorylation relay system to inform the
cell about the presence of the solute. To study the physiological role of the glutamate
binding protein in more detail, its impact on glutamate taxis was determined (Chapter
3). Wild-type Rb. sphaeroides showed a chemotactic response towards glutamate. This
response was absent in a Tn5 insertion mutant strain MJ7 that is defective in glutamate
transport and that is unable to grow on glutamate as sole nitrogen- and carbon-source.
This mutant, however, still expressed the glutamate binding protein. Chemotaxis was
restored when the secondary glutamate transport system, GltP of E. coli was expressed
functionally in the mutant. These results imply that the chemotactic response to
glutamate strictly requires uptake of glutamate, irrespective of the mechanism, and
support the view that intracellular metabolism is needed for chemotaxis in Rà.
sphaeroides.
Glutamate is an important osmoprotectant in bacteria when cells are exposed to
moderate osmotic stress. To establish the role of the glutamate binding protein-
dependent transport system in osmoprotection, the influence of high concentrations of
various salts and sugars on the transport activity was determined. When present at
millimolar amounts, sodium-ions specifically activated glutamate transport both in the
wild-type, and in the mutant strain MJ7. Sodium-ions also restored glutamate taxis in
this mutant, and allowed it to grow with glutamate as sole nitrogen- and carbon-
source. As described in Chapter 4, this phenomenon was due to the activation of a
novel glutamate transport system that was mono-specific for glutamate. Transport in
the presence of high sodium was inhibited by ionophores that collapse the Àp and was
insensitive to vanadate. Moreover, it was found that the glutamate transport activity
was shock-sensitive, and required a binding protein that was distinct from the one
described in Chapter 2. The mono-specific glutamate binding protein was purified, and
used to reconstitute the sodium-stimulated glutamate uptake activity in membrane
vesicles of Rb. sphaeroides. Uptake of glutamate was found to depend not only on the
presence of a binding protein and sodium-ions, but also requires strictly the presence
of a Ap, but not ATP. These results represent the first biochemical demonstration of a
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secondary transport system that requires a periplasmic binding protein. The system is
found to share a number of catalytic properties with the classical binding protein-
dependent transport systems as it appears Ío catalyze only unidirectional transport, i.e.,
no exchange or efflux, and transports the solute with high affinity. On the other hand,
the Ap is a specific attribute of secondary transport systems.
The question arises if this novel binding protein-dependent secondary transporter is a
mere hybrid of the two known classes of transport systems, or whether it represents a
new family of transport proteins. Apart from the uptake of glutamate, malate transpoft
in Rb. sphaeroides also seems to function according to the same mechanism. The
genes coding for the malate transporter of the related purple nonsulfur bacterium Rà.
capsulatus have previously been cloned and sequenced, and for transport only a
binding protein (DtcP) and two integral membrane proteins (DctQ and DctM) appear
to be necessary. Strikingly, the same locus does not include a gene that encode an
ATP-binding subunit. This subunit organization in conjunction with the biochemical
data presented in Chapter 4 supported the notion that the malate transporter indeed
belongs to a new class of binding protein-dependent secondary transport systems. As
described in Chapter 1, the DctP DctQ and DtcM proteins were used for an extensive
database search, revealing that they are members of large family of proteins. They all
were found to consist of a binding protein and two integral membrane proteins
revealing a unique domain structure, i.e., a domain with four predicted transmembrane
segments (TMS), and a domain with twelve TMS's with a large, central cytosolic
loop. Strikingly, the hydropathy pattern of the large domain largely resembles that of
secondary transporters, suggesting that this domain may be responsible for the actual
transport reaction and energy coupling mechanism. The first domain has no homology
to any known protein, and may be involved in the anchoring of the binding protein.
This function is not found in secondary transporters. The sodium-dependent glutamate
transporter of Rb. sphaeroides is the first example of a secondary transport system that
requires a periplasmic binding protein and defines a new family of bacterial transport
proteins that will be an important target for future studies.
